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Energy loss per ion pair 
formed by nuclear re- 
coils, 245 
Energy loss of recoils 
and ionization, 244-45 
by nuclear stopping, 245 
Extensive air showers, 63- 
108 
absorption length of, 93-95 
barometric effect, 95-96 
charge ratio of mesons, 81 
Cherenkov light, 86-89 
density spectrum, 89-92 
energy balance, 80-81, 85- 
86 


energy spectrum 
of electromagnetic com- 
ponent, 75-77 
of mu-mesons, 78-80 
evolution of, 69-70 
fluctuations, 86, 99 
genetic relations of par- 
ticles, 69-70 
growth and absorption of, 
92-97 
heavy nuclei, 96, 99-100 
lateral distribution 
of charged particle dens- 
ity, 70-75 
of mu-mesons, 78-79 
methods of observation, 
67-69, 81-82 
muon component of, 77-81 
nuclear interacting com- 
ponents, 81-86 
altitude variation of, 
82-83 
average energy of, 85 
energy spectrum of, 84-85 
lateral variations of, 82- 
84 
methods of study of, 81- 
82 
number spectrum of, 90-92 
primaries 
interaction length of, 99- 
100 
structure near axis, 74-75 
theoretical models 
of nuclear interactions 
used in analysis, 94 
track length of electrons, 
89, 95 
transverse momentum of 


nuclear interacting com- 


ponent, 101-2 
ultra-high-energy nuclear 
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interactions, 64-65, 
101-2 
zenith angle distribution, 
95 
Extraneous radiation 
effect of 
in recoil labeling, 264 
"Extrapolation number" in 
in cellular radiobiology, 
491-92 


Fission 
induced by heavy ions, 
55-57 
recoil techniques 
in study of, 237-38 
Fission fragments 
charge status of, 244 
range-velocity curves for, 
252-58 
see also Heavy-ion reac- 
tions 
Fluctuations 
in extensive air showers, 


Fluorine 
in vertebrate radiobiology, 
548-49 
Forbush decrease 
in cosmic rays, 464-69 
see also IGY cosmic ray 
experiments 
Fractionated exposure 
in vertebrate radiobiology, 
566 
Fragmentation products 
produced by carbon-14 
labeling, 272-73 


G 


Galactic cosmic rays 
modulation 
by solar activity, 464- 
69 
see also IGY cosmic ray 
experiments 
Gallium 
in vertebrate radiobiology, 
245 
"Gamma-gamma" logging, 
444, 445 
Gamma logging, 441-43 
see also Subsurface nu- 
clear prospecting 
Gamma-ray matrix ele- 
ments, 210-22, 226-27 
see also Internal con- 
version 
see also Light nuclei 
Gammel-Thaler potential 
in nucleon-nucleon scat- 
tering analysis, 345 
Gas bubble chambers, 
117, 120 


see also Bubble chambers 
Genetic effects 
in cellular radiobiology, 
496-97 
in vertebrate radiobiology, 
576-78 
"Geometry" of transmission 
experiments 
in nucleon-nucleon scat- 
tering, 314-16 
Germanium 
in vertebrate radiobiology, 
546 
Germinal cells 
radiosensitivity of, 495 
Gold 
in vertebrate radiobiology, 


H 


Hafnium 
in vertebrate radiobiology, 
546 
Halogen isotope recoil 
labeling, 284 
Harmonic nuclei 
internal conversion in, 
231-32 
Heavy-ion elastic scatter- 
ing, 30-37, 58 
optical model of, 36-37 
rainbow angle, 34 
rainbow scattering model 
of, 34-36 
sharp-cutoff model, 30-34 
Heavy-ion-induced fission 
excitation function for, 
56-57 
fission fragments in 
angular distribution of, 
57 
mass distribution of, 57 
Heavy-ion reactions, 27-60, 
247-52, 255 
compound nucleus forma- 
tion, 46-55 
comparison of calculated 
and measured cross 
sections for, 50-52 
level density formula 
for, 48, 51, 53-55 
shape of excitation func- 
tions for, 48-50 
spectra and angular dis- 
tribution of reaction 
products for, 52-55 
statistical model treat- 
ment of, 46-55 
effects of high angular 
momenta, 55 
nuclear temperature 
in statistical model of, 
48, 53-55 
quasimolecular state 
of two carbon nuclei, 58 
transfer reactions, 37- 





46, 58-59 
see also Heavy-ion elastic 
scattering 
Heavy ions 
elastic scattering of, 30- 
37, 58 
fission induced by, 55-57 
laboratories engaged in 
study of, 29 
range-energy data for, 60 
260-61 
see also Range-energy 
relations, etc. 
response of scintillators 
and surface barrier 
layer counters to, 60 
Heavy ion scattering, 30-37, 
58 
see also Heavy-ion elastic 
scattering 
Heavy-ion transfer reactions 
"buckshot" mechanism, 45 
complex transfer, 37, 
42-46 
contact transfer, 44 
exchange transfer, 37, 42 
fragmentation reaction 
mechanism, 45 
multiple transfer, 37, 42- 
46 
single transfer, 37-42 
Heavy nuclei 
in extensive air showers, 
96, 99-100 
High-energy beams 
magnetic focusing of, 165- 
79 
optics of, 161-92 
High-energy de-excitation 
in recoil labeling, 262 
High-energy nuclear inter- 
actions 
angular distribution, 102 
theoretical models of, 102 
see also Extensive air 
showers 
Holmium 
in vertebrate radiobiology, 
552 
Hot reactions 
in recoil labeling, 262, 265 
Human radioisotopic deposi- 
tion 
estimation of, 537 
see also Vertebrate radio- 
biology 
Hydrogen bubble chambers 
large 
chamber materials, 134 
chamber windows, 134, 
136-37 
dark field illumination of, 
139 
expansion mechanisms 
for, 134-36 
gaskets for, 129, 134 
illumination of, 137-41 
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magnets for, 133-34 

photography for, 141-45 

single-window illumina- 
tion of, 139-41 

some tentative param- 
eters of, 133 


I 


Impact parameter 
in nucleon-nucleon scat- 
tering analysis, 330- 
31 
Indium 
in vertebrate radiobiology, 
245 
Interaction energy operator 
for shell-model analysis 
of light nuclei, 366, 
369-71 
Internal conversion 
accidental cancellation 
in rotational transitions, 
219-22 
B-vibrational states 
effects of, 232 
Bohr-Mottelson unified 
model, 215-22, 228- 
32 
Dancoff-Morrison "gauge 
transformation, "' 200-1 
deformed nuclei, 232 
see also Bohr-Mottelson 
unified model 
dynamical effects 
in electric transitions, 
222-33 
in magnetic transitions, 
210-22 
dynamical penetration 
effects, 195-96 
EL gamma-ray matrix 
elements, 226-27 
electric monopole con- 
version effect 
on directional correla- 
tion experiments, 231- 
32 
electric monopole mode, 
196, 202-3, 231 
electric monopole strength 
parameter of, 231 
electric monopole transi- 
tions, 230-33 
electric monopole transi- 
tion probability, 231 
electric multipoles, 199- 
203 
electric penetration coef- 
ficients, 224-30 
electric penetration ma- 
trix elements 
formulae for, 226 
and nuclear models, 228- 
30 
two types of, 222-30 
electric penetration weight- 
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ing functions, 222-23 
electron wave function for 
nucleus of finite ex- 
tent, 205-8 
gamma-gamma directional 
correlation, 215-22 
gamma-K conversion elec- 
tron directional cor- 
relation, 217-22 
gamma-ray matrix ele- 
ments, 210-22 
harmonic nuclei, 231-32 
see also Internal con- 
version, rotational 
transitions 
isotope shift effect, 195- 
96 


j °y type of penetration 
matrix elements, 229- 
30 

j ° f type of penetration 
matrix elements, 229- 
30 

"knitting-needle" nucleus, 
229 

magnetic hyperfine struc- 
ture anomalies, 195- 
96 

magnetic monopole effects 

absence of, 202 

magnetic multipoles, 198- 

99 


magnetic penetration coef- 
ficients, 211-22 
magnetic penetration ma- 
trix elements 
for nuclear models, 210- 
22 


monopole mode 
for harmonic nuclei, 231 
"no-penetration" model, 
169, 201-2 
nuclear charge distribution 
effect of, 203-8 
nuclear magnetic moments 
effect of, 208 
nuclear size effects, 203-6 
nuclear structure effects, 
193-234 
penetration coefficients 
magnetic and electric, 
211-33 
penetration matrix elements, 
210-33 
penetration weighting func- 
tions, 211, 222-23 
point nucleus approxima- 
tions, 198-99, 201 
realistic charge distribu- 
tion 
effect of, 207 
rotational transitions, 
219-22, 228-32 
spin and convection nuclear 
currents, 214-15 
static effects, 194-95 
static nuclear moments 
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effect of, 208-10 
static nuclear quadrupole 
moment 
effect of, 208-10 
strength parameter, 
231 
"surface current" model, 
199, 201-2 
uniform charge distribution 
effect of, 207 
vector spherical harmonics 
use of, 196-203 
see also Penetration ma- 
trix elements, etc. 
Internal conversion coef- 
ficients, 194 
International Geophysical 
Year cosmic ray 
experiments, 461-88 
Argus nuclear explosion, 
470-79 
artificial aurora, 475-79 
auroral x-rays and soft 
radiation, 462-64 
change in cosmic ray 
energy spectra 
with solar activity, 465- 
68 
comparison of a-particle 
and proton momentum 
spectra 
for solar cosmic rays, 
482 
composition of solar cos- 
mic rays, 481-84 
constancy 
of inner radiation belt 
intensity, 473-75 
distortions of earth's mag- 
netic field 
by high-altitude nuclear 
explosions, 478-79 
"dumping" of radiation 
from outer radiation belt, 
473 
electrons associated with 
auroral radiation, 
463-64 
electron-synchrotron radia- 
tion 
from the sun, 484-86 
energy spectrum 
of solar cosmic rays, 480, 
482, 484, 485 
Forbush decreases, 464-69 
injection mechanism 
for the Van Allen belts, 
471-79 
injection into radiation 
belts 
from decay of neutrons, 
471, 473-75 
ion trapping 
in earth's magnetic field, 
470-71 
magnetic plasma 
as modulation mechanism 
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originating from solar 
activity, 468-69 
modulation of cosmic rays 
by solar activity, 464-69 
precession of charged par- 
ticle orbits, 471 
radiation intensity 
due to solar cosmic rays, 
484-85 
solar cosmic rays, 479-87 
Van Allen radiation belts, 
470-79 
variation in outer radiation 
belt intensity, 471-73 
Iodine 
in vertebrate radiobiology, 
549 
Ionization and energy loss 
of recoils, 244-45 
see also Range-energy re- 
lations; Recoil label- 
ing 
Ionization methods 
in isotopic labeling, 285 
Iron 
in vertebrate radiobiology, 
549-50 
Isobaric level diagrams 
for light nuclei, 409-24 
Isomerization processes 
in recoil labeling, 264 
Isospin formalism 
for the shell model of 
light nuclei, 363-64, 
368 
Isotope shift, 195-96 
Isotopes of interest in re- 
coil labeling other 
than carbon-14 and 
tritium, 283 
Isotopic labeling 
by acceleration of ions 
into organic materials, 
285-86 
carbon-14* ion beams 
use of, 285-86 
ionization methods, 285 
see also Recoil labeling 


K 


K-conversion electron- 
gamma ray directional 
correlation, 217-22 

see also Internal conversion 


L 


Labeling of organic com- 
pounds 
by recoil methods, 259-90 
see also Recoil labeling 
Lanthanum 
in vertebrate radiobiology, 
551-52 
Late effects in vertebrate 
radiobiology, 561-82 





Latent damage 
in biological irradiation, 
513-14 
see also Vertebrate radio- 
biology 
Lead 
in vertebrate radiobiology, 
546 
Lesions 
in vertebrate radiobiology 
nature of, 569 
Lethal actions 
of radiations 
on cells, 523-25 
see also Cellular Radio- 
biology 
Leukemogenesis 
in experimental animals, 
574-76 
in man, 571-74 
in vertebrate radiobiology, 
571-76 
L-forbiddenness in electro- 
magnetic transitions 
in light nuclei, 384-85 
Light nuclei - 
appendix 
isobaric level schemes 
for mass 5 to mass 20, 
inclusive, 409-24 
calculated energies 
in the d 3/2 n configu- 
ration, 380 
in the d 5/2 n neutron 
configuration, 403 
in the f 7/2 n configura- 
tion, 376 
in the p 1 /2"d5/2 configu- 
ration, 398 
of the P1/2"81/2 configu- 
ration, 397 
charge independence 
of nuclear forces, 326, 
363-64 
see also Nucleon-nucleon 
scattering 
collective model, 353 
see also Bohr-Mottelson 
unified model 
configurations of sq /2 and 
ds /2 nucleons, 42-8 
Coulomb energy differences 
in mirror nuclei, 360-61 
coupling scheme transi- 
tion 
in the first p shell, 360- 
61, 378 
effective nuclear two-body 
interaction 
in shell-model analysis, 
354-63, 369-81 
effective single-particle 
operators, 356 
electric multipole radia- 
tion, 382-83 
electromagnetic transition 
rates, 356-57, 381-85, 

















399-402, 404, 406 
energies of nuclear states, 
369-81 
energy level diagrams for, 
409-24 
energy level structure of, 
353-424 
energy splitting 
between shells, 358, 360 
excited configurations 
in the first p shell, 393- 
402 
Fermi-beta transitions, 


Gamow-Teller beta transi- 
tions, 357-58 

general case of neutrons 
and protons outside 
closed shells, 368-69 

identical nucleons 

in the j" configuration, 

372-81 

interaction energy opera- 
tor, 366, 369-81 

jj coupling scheme, 355- 
63, 378 

1-forbiddenness 

in gamma-ray transitions, 

384-85 

LS coupling scheme, 360- 

’ 

magnetic dipole gamma-ray 
transitions, 382-85, 
399-402, 404 

magnetic moments, 362-63, 
385-87, 401-2 

many-nucleon states, 363- 
69 


modified shell-model 
wave functions, 354- 
56 
non-locality of effective 
nuclear interactions, 
354 
ordering of single-nucleon 
levels, 358 
reduced matrix elements 
for Ml transitions in 
nitrogen 14, 400 
Schmidt formula 
for magnetic moments, 
362-63 
seniority scheme, 366-67, 
375, 377, 379 
several identical nucleons 
in one configuration, 
364-67 
shell model of, 354-408 
"center of mass" of 
groups of levels, 374, 
378-79, 405-6 
energy levels for protons 
and neutrons in dif- 
ferent unfilled shells, 
370-72 
shell model results 
for the first p shell, 387- 
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93 

single-particle states, 
358-63 

spin-orbit splitting, 360- 
61 


theoretical interpretations 
of energy levels, 
353-424 
Thomas-Ehrman effect, 
361-62 
two-particle correlations 
in modified shell-model 
wave functions, 354 
Wigner-Eckart theorem 
in shell-model analysis, 


365, 383 
Lithium 
in vertebrate radiobiology, 
539 
Lutetium 
in vertebrate radiobiology, 
552 
M 
Magnesium 
in vertebrate radiobiology, 
541 


Magnetic hyperfine struc- 
ture anomalies, 195, 
196 
Magnetic moments 
effects on nucleon-nucleon 
scattering, 326 
of light nuclei, 362-63, 
385-87, 401-2 
nuclear effects on inter- 
nal conversion, 
198, 199 
Magnetic multipoles 
in internal conversion, 
198, 199 
Magnetic penetration coef- 
ficients, 211-22 
Magnetic penetration matrix 
elements, 210-22 
Magnetic quadrupole lenses 
aberrations of, 186-87 
Magnetic spectrometers 
and spectrographs, 
180-84 
Magnetic transitions 
dynamical effects 
in internal conversion, 
210-22 
Magnets 
optics of 
see High-energy beams, 
optics of 
Manganese 
in vertebrate radiobiology, 
549 
Maximum angular momen- 
tum quantum number 
in phase shift analysis 
of nucleon-nucleon 
scattering, 330-31, 
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336 
Maximum permissible 
concentration 
of radioisotopes, 533-55 
see also Vertebrate 
radiobiology 
Measurement of recoil 
ranges, 237-42 
in plastic films, 237-38 
see also Range-energy 
relations, etc. ; 
Recoil ranges, meas- 
urement of 
Mercury 
in vertebrate radiobiology, 
545 
Metabolism of internal 
emitters 
in vertebrate radiobiology, 
531-60 
see also Vertebrate 
radiobiology 
Mixing parameters 
in nucleon-nucleon scat- 
tering, 331 
Modified phase shift analy- 
sis 
in nucleon-nucleon scat- 
tering, 331, 334-45 
Molybdenum 
in vertebrate radiobiology, 
548 
Mu mesons 
energy spectrum in exten- 
sive air showers, 78, 
79, 80 
in extensive air showers, 
77-81 
lateral distribution in, 
78, 79 
Multiple Coulomb scattering 
formula, 152, 154 
"Multiplicity" 
in cellular radiobiology, 
491-92 
Multipole expansion 
of electron-nuclear inter- 
action, 196-203 
see also Internal con- 
version 


N 


Natural gamma logging, 
441-43 
see also Subsurface 
nuclear prospecting 
Neptunium 
in vertebrate radiobiology, 
554 
"Nest" or "brush heap" of 
radicals 
in recoil labeling, 262 
Neutrino component 
of primary cosmic rays, 
22, 67, 104, 106-7 
Neutrinos 
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detection of, 5-10 
detection of high-energy 
machine-produced, 
21-22 
effect of neutral lepton 
currents on scattering 
of, 17-18 
elastic scattering 
by electrons, 13-15 
by nucleons, 17-18 
extraterrestrial cosmic ray 
production of, 22 
flux from stellar energy 
sources, 24, 25, 105-6 
high-energy interactions of, 
16-26 
high-energy machine pro- 
duction of, 19-22 
interactions of, 1-26 
limits on electromagnetic 
moments of, 2 
low-energy interactions of, 
1-16 
non-local interactions of, 
16, 17 
possible sources of, 15, 16 
production 
by antimatter in the uni- 
verse, 23-24 
in atmosphere by cosmic 
rays, 23 
by supernovae, 105-6 
significance in cosmology, 
23-25 
solar production of, 25 
Neutron activation logging, 
449-51 
see also Subsurface nuclear 
prospecting 
Neutron capture and inelastic 
gamma logging, 451-54 
see also Subsurface nuclear 
prospecting 
Neutron logging, 445-49 
see also Subsurface nuclear 
prospecting 
Neutron-neutron differential 
cross sections, 323 
Neutron-proton differential 
cross sections, 322- 
323 
Neutron-proton polarization 
measurements, 322- 
323 
see also Nucleon-nucleon 
scattering 
Niobium 
in vertebrate radiobiology, 
547 
Noble gases 
in vertebrate radiobiology, 


Non-central forces 
in nucleon-nucleon scatter- 
ing, 333 
Non-ionizing pre-treatment 
in radiobiology, 504-5 
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"No-penetration" model 
in internal conversion, 199, 
201-2 
Nuclear charge distribution 
effect on internal conver- 
sion, 203-8 
Nuclear currents, jp, 
connection with penetra- 
tion matrix elements, 
214 
spin and convection parts, 
214-15 
Nuclear de-excitation 
electric monopole mode of, 
96, 202-3 
see also Internal con- 
version 
Nuclear interacting com- 
ponent 
in extensive air showers, 
81-86 
altitude variation in, 82, 
83 
average energy in, 85 
energy balance in, 85-86 
energy spectrum in, 84- 
85 
lateral variation in, 82- 


Nuclear interactions 
transverse momentum, 101- 


Nuclear magnetic moment 
effects on internal con- 
version, 208 
Nuclear methods 
for subsurface prospecting, 
425-60 
see also Subsurface nuclear 
prospecting 
Nuclear models 
calculation of magnetic pene- 
tration matrix elements 
for, 210-22 
see also Internal conversion 
Nuclear moments, static 
effects on internal con- 
version, 208-10 
Nuclear quadrupole moments, 
static 
effects on internal con- 
version, 208-10 
Nuclear reaction mechanisms 
deduction from recoil 
measurements, 255-56 
see also Recoil techniques 
Nuclear reaction products 
charge states of, 237 
Nuclear reactions 
elasticity of, 101 
recoil techniques in study 
of, 235-58 
Nuclear recoils 
“billiard ball" collision 
effects, 261 
caging effects, 211 
displacement collision in, 261 





energy loss of, 260-62 
replacement collisions in, 
261-62, 265 
terminal hot spot effect in, 
261 
see also Recoil labeling 
Nuclear shell model 
see Shell model analysis 2 
of light nuclei 
Nuclear size 
effect on internal conver- 
sion, 203-6 
Nuclear stopping 
contribution to energy loss 
of recoils, 245 
Nuclear structure effects 
in internal conversion, 
193-234 
Nucleic acids 
electron spin resonance 
studies of, 490-91 
radiobiology of, 490-91, 
512, 515-24 
Nucleic acid synthesis 
radiation effects of, 515- 
18 
Nucleon-nucleon scattering 
accelerators 
for production of nucleon 
beams, 313-14, 319 
boundary condition model, 
327-29 
correlation experiments, 
300-2, 343 
correlation parameters, 
298 
density matrix 
use of, 293-96 
depolarization experiments, 
299 
deuterium-tritium reaction 
for neutron production, ‘ 
314 
difference in mass between 
the neutral and 
charged pions 
effect on, 326 
differential cross-section 
measurements, 314, 
316-19, 322-23 
dispersion theory, 336-43 
effective range theory in, 
325-29 
effect of magnetic moments 
on, 326 
energy-dependent phase 
shift analysis, 344-45 
experimental data, 313- 
24 
experimental observables 
in terms of the Wolfenstein 
parameters, 301 
higher partial waves 
importance of, 327 
inelastic processes, 313 
maximum angular momen- 
tum quantum number 














in phase shift analysis, 
330-31 
mixing parameters, 331 
modified phase shift analy- 
sis 
using some results of 
meson theory, 325 
neutron-neutron differen- 
tial cross sections, 
323 
neutron-proton differential 
cross sections, 322- 
323 
neutron-proton polariza- 
tion measurements, 
322-23 
neutron-proton triple- 
scattering measure- 
ments, 314, 323 
non-central forces 
effects of, 333 
nuclear-Coulomb interfer- 
ence, 333 
phase shift analysis of, 
329-46 
phase shift solutions 
for proton-proton scat- 
tering, 334-35 
phenomenological analysis 
of, 291-352 
pion production, 
313 


polarization experiments, 
292 

polarization measurements, 
314, 318-20, 322-23 

polarized beams 

use of, 323-24 
polarized targets 
use of, 324-25 

polarizing and analyzing 
powers, 298 

polarizing function, 298 

possible experiments, 297- 
300 

potential models, 326 

proton-proton differential 
cross sections, 316- 
19 

proton-proton polarization 
measurements, 320 

relativistic Coulomb param- 
eter, 327 

relativistic formalism, 
312, 313 

repulsive core, 325 

"shadow" effect, 314 

space-reflection and time- 
reversal invariances, 
296, 302, 309-10 

spin correlation in proton- 
proton scattering, 
320-22, 343 

S-wave phase shifts, 325- 
29, 331-36 

targets used, 314 

theoretical relations be- 
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tween experiments, 
300-3 

total cross section in, 
314-16 

triple-scattering experi- 
ments, 292, 299, 
320-23, 330 

vacuum polarization effect, 
326, 327 

Nucleon-nucleon scattering 

analysis 

"bar" phase shifts, 305- 
9, 335 

Blatt and Biedenharn phase 
shifts, 305-9 

effective range, 325-29 

Feynman rules 

use of, 337 

Gammel-Thaler potential, 

345 


general formalism for, 
292-313 
identical particles 
treatment of, 310-12 
one-meson exchange po- 
tential, 331, 334-45 
phase shifts, 303-9, 325- 
41 
photodisintegration of the 
deuteron 
use of, 344 
projection operators 
use of, 337, 341, 342 
symmetrization of wave 
functions, 310-12 
unitarity requirement, 
303-9 
Wolfenstein parameter, 
296, 300-3, 307-8, 
321-22 
Nucleon-nucleon scattering 
effective range theory 
scattering length, 325- 
29 


shape parameter, 325-29 
Nucleon-nucleon scattering 
experiments 
"geometries" used in, 
314-16 
Nucleon-nucleon scattering 
phase shift analysis 
D waves, 331-35, 345-46 
F waves, 331-35 
G waves, 332, 334-35 
H waves, 334 
P waves, 331-35, 345-46 
tests of goodness of fit, 
330 


oO 


One-meson exchange poten- 
tial 
in nucleon-nucleon scat - 
tering analysis, 331, 
344-45 
Optics of high-energy beams, 
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161-92 

formation of separated 
beams, 187-90 

highly collimated beams, 
190-91 

transmission of magnetic 
beam-forming systems, 
184-86 

see also High-energy 
beams 

Oxygen enhancement ratios 

in cellular radiobiology, 

505-8 


P 


Partial-body exposure 
in vertebrate radiobiology, 
565 
Particle detectors 
comparative characteris- 
tics of, 112 
scintillation and surface 
barrier counters 
response to heavy ions, 
60 


Penetration coefficients, 
212-33 
electric, 224-30 
magnetic, 211-22 
see also Internal conver- 
sion 
Penetration matrix elements, 
33, 210 
accidental cancellation 
effects, 214 
electric, 222-30 
l-forbiddenness, 214-15 
magnetic, 210-11 
radial selection rules for, 
214 
see also Internal conver- 
sion 
Penetration parameter, 
210-33 
Penetration terms 
for electric conversion, 
222-33 
Penetration weighting func- 
tion, 211 
see also Internal conver- 
sion 
Permissible limits for 
radioisotope concen- 
tration 
derivation of, 535-36 
see also Vertebrate radio- 
biology 
Phase shift analysis 
of nucleon-nucleon scat- 
tering, 329-46 
Phenomenological analysis 
of nucleon-nucleon scat- 
tering experiments, 
291-352 
see also Nucleon-nucleon 
scattering 
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Phosphorus 
in vertebrate radiobiology, 
546-47 
Photodisintegration 
of the deuteron 
use in nucleon-nucleon 
scattering analysis, 
344 
Photon component 
of primary cosmic rays, 
104-5 
Pi-meson spectrum 
produced by cosmic rays, 
104-5 
Plutonium 
in vertebrate radiobiology, 
553-54 
Point nucleus approximation 
in internal conversion, 
198-99, 201 
Polarization experiments 
and measurements, 
292, 314, 318, 320, 
322-23 
see also Nucleon-nucleon 
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